Understanding functional traits that capture species response to grazing is crucial for 18 uncovering mechanisms underlying the grazing-induced alterations in vegetation 19 composition. Currently, the majority of studies ignore the effects of life form on the 20 response of above-and below-ground traits to grazing. In this study we quantified i) 21 whether below-ground traits exhibit similar response to overgrazing as do 22 33
above-ground traits; and ii) whether the response of above-and below-ground traits to 23 overgrazing varied with life form (annual versus perennial species). To testify the 24 generality of these two questions, we compared common grassland species between 25 an undisturbed and an over grazed meadow at each of four elevations ranging from 26 3000m to 3600m on the Qinghai Tibetan Plateau. We found both above-ground and 27 below-ground traits exhibited similar resource conservation vs. resource acquisition 28 trade-off for responding to overgrazing. Moreover, perennial species but not annual 29 species determine the response of above-and below-ground traits to overgrazing. This 30 work bridges the gap in the literature for the influence of land-use (in the absence and 31 presence of overgrazing) and life forms (annual and perennial species) on 32 species-specific response at both above-, and below-ground level.
Introduction 36 Grazing is one among the most significant drivers of global vegetation composition 37 (Díaz et al., 2007; Stein et al., 2016) . Understanding functional traits that capture 38 species response to grazing is crucial for uncovering mechanisms underlying the 39 grazing-induced alterations in vegetation composition (Díaz et al., 2001; Cingolaniet 40 al., 2005; de Bello et al., 2005; Díaz et al., 2007; Evu et al., 2009; Golodets et al., 41 2010). Generally, above-ground traits such as shorter plant height and higher specific 42 leaf area (SLA) can help the plants have high resource acquisition for tolerating high 43 grazing pressure (Díaz et al., 2001; Li et al., 2017) . In contrast, in the undisturbed 44 condition, species prefer to have lower SLA but higher plant heights, which is 45 regarded as a strategy for high resource conservation to adapt to resource limitation 46 (Westoby, 1999) . 47 It has also been found that below-ground traits play a key role in mediating 48 grazing-induced alterations to vegetation composition (Klumpp et al., 2009; McInenly 49 et al., 2010) . However, due to the notable lack of relevant below-ground trait data 50 (Bergmann et al., 2017) , it remains unclear whether below-ground traits exhibit 51 similar high resource acquisition (e.g., higher RD, SRL, SRA, but lower RTD) for 52 tolerating grazing as do above-ground traits (Craine et al., 2001; Hodge, 2004; 53 Klumpp et al., 2009; McInenly et al., 2010; Roumet et al., 2016; Kramer et al., 2016; 54 Feng et al., 2018) . This limits our understanding of how livestock influence 55 vegetation compositions (Li et al., 2017) . 56 Determining the response of above-ground and below-ground traits against 57 grazing requires an understanding of how grazing influences species composition 58 (Díaz et al., 2001; James et al., 2001) . A global meta-analysis showed that 59 overgrazing promotes annual species over perennial species (Díaz et al., 2007) . 60 Conversely, without grazing pressure, perennial species are expected to dominate 61 (Zhang et al., 2018) . This is likely due to the fact that annual species tend to have 62 above-and below-ground traits that are associated with high resource acquisition, 63 whereas perennial species tend to possess traits related to a resource conservation 64 strategy (Roumet et al., 2006 (Roumet et al., , 2016 Zhang et al., 2018) . As a result, the response of 65 above-ground and below-ground traits to overgrazing may vary between annual and 66 perennial species. However, the effect of life form (annual versus perennial species) 67 on overgrazing induced alterations to above-and below-ground traits have been 68 hardly considered. 69 Here, our goal was to test i) whether above-, and below-ground traits have 70 similar response to overgrazing; and ii) whether the response of above-, and 71 below-ground traits to overgrazing differs between annual and perennial species. To 72 tesify the generality of these two goals, we compared above-, and below-ground traits 73 for all common species found in one undisturbed meadow and one overgrazed 74 meadow at each of four elevations ranging from 3000 to 3600 m in Qinghai Tibetan 75 plateau. We hypothesized that 1) both above-, and below-ground traits exhibited a 76 resource conservation vs. resource acquisition trade-off for responding to overgrazing; 77 and 2) the response of above-and below-ground traits to overgrazing varies between 78 annual and perennial species. 104 All common species sharing between undisturbed and grazed meadows were sampled 105 to measure three above-ground traits, leaf photosynthesis rate (A; ; µmol m -2 s -1 ), 106 specific leaf area (SLA; cm 2 /g) and above-ground maximum height (H; m). Further, 107 five root traits, root average diameter (RD; cm), root biomass (RB; g), specific root 108 length (SRL; cm/g), root tissue density (RTD; g/m -3 ), specific root area (SRA; cm 2 /g) 109 were recorded. All of these traits could be good predictors of resource acquisition vs. 110 resource conservation trade-off (Díaz et al., 2001; Roumet et al., 2006) . Traits were 111 measured from three to five mature individuals per species and detail measurement (Roumet et al., 2006; Zhang et al., 2018) , the above analyses were also 124 performed separately for annuals and perennials to understand whether the response 125 of above-and below-ground traits to overgrazing vary between annual and perennial 126 species.
Plant above-ground and root traits measurements

127
Results
128
In total, we sampled 53-77 species in the undisturbed meadows from 3000 to 129 3600m elevation, of which 12-22 were annuals and 41-55 were perennial species. On 130 the other hand, only 40-51 species, 22-24 annual and 18-27 perennials, could be 131 identified in the sampling of the overgrazed meadow (Table S1 ). However, species 132 composition was similar between the undisturbed and overgrazed meadows as the two 133 meadows shared 22-42 species (12-15 annual and 10-27 perennial species) in 134 common (Table S1 ). 135 The Wilcoxon signed-rank test showed that all shared species had significantly 136 lower root biomass (RB), root tissue density (RTD), and above-ground maximum 137 height (H) in the overgrazed meadows than those in the undisturbed meadows at all 138 four elevations. In contrast, overgrazed meadows had higher root average diameter 139 (RD), specific root length (SRL), specific root area (SRA), leaf photosynthesis rate (A) 140 and specific leaf area (SLA) than those in the undisturbed meadow ( Fig. 1) . 141 Consistent results could still be observed in perennial species, when we performed 142 Wilcoxon signed-rank test separately for annuals and perennials ( Fig. 1 ). However, 143 for annual species, there are not any differences in all above-ground and 144 below-ground traits between undisturbed and overgrazed meadows (Fig. 1) . 145 We observed strong correlations amongst the five root traits, as well as between 146 the three above-ground traits, for all common species in both, undisturbed and grazed 147 meadows at all four elevations (Fig. 2) . However, when we tested these correlations 148 separately for annuals and perennials, consistent results could still be observed in 149 perennial species in both undisturbed and overgrazed meadows at all elevations ( Fig.   150 2). However, for annual species, most of these strong correlations were 151 non-significant in both undisturbed and overgrazed meadow at all elevations (Fig. 2) . 152 PCA results revealed that undisturbed and overgrazed species were significantly 153 separated along axis 1 at all elevations. PCA axis 1 had a strong positive loading for 154 SRL, SRA, A and SLA for all common species at all elevations, but negative loading 155 for RD, RB, RTD and H ( Fig. 3 and Tables S2). PCA axis 2 was significantly 156 positively associated with RB and RTD ( Fig. 3, and Table S2 ). When performing PCA 157 separately for annual and perennial species, we still found consistent PCA results for 158 perennial species. However, we found different PCA results for annual species, 159 because undisturbed and overgrazed species could not be significantly separated along 160 axis 1 and axis 2 at all elevations ( Fig. S1 and Table S2 ). Moreover loading for traits 161 that was signficantly associated with PCA axis 1 and 2 were different among all 162 elevations ( Fig. S1 and Table S2 ).
163
Discussion
164
In this study, we quantified how overgrazing affect above-ground and 165 below-ground traits; and whether the response of above-and below-ground traits to 166 overgrazing varied with life form (annual versus perennial species). As we 167 hypothesized, both above-ground and below-ground traits exhibited a resource 168 acquisition vs. resource conservation trade-off for responding to overgrazing. The 169 response of above-and below-ground traits to overgrazing differed between annual 170 and perennial species, with perennial species determining the response of above-and 171 below-ground traits to overgrazing.
172
The response of above-ground and below-ground traits to overgrazing for all 173 species at all elevations 174 A shift from resource conservation to resource acquisition at above-ground level have 175 been widely found to tolerate grazing, which force species to have higher SLA, 176 photosynthesis rate, but lower height after overgrazing than those in the undisturbed 177 condition (Díaz et al., 2001; Spasojevic et al., 2010; Laliberté and Tylianakis, 2012; 178 Li et al., 2017) . It has also been found that this resource conservation vs. resource 179 acquisition trade-off has also led to strong correlation among SLA, photosynthesis Weemstra, 2012; Reich, 2014; Roumet et al., 2016) . For example, resource 190 acquisition may need species to have high SRL, SRA, but low RTD, RB and RD to 191 possess fast-growing, whereas, resource conservation may force species to have high 192 RTD, RB and RD, but low SRL and SRA (Reich, 2014; Roumet et al., 2016). 193 Likewise, this resource acquisition vs. resource conservation trade-off at 194 below-ground level can also led to significant root correlations (Withington et al., 195 2006; Prieto et al., 2015; de la Riva et al., 2018) . Indeed, we found consistent trait 196 variations and correlations among below-ground traits (SRL, SRA, RTD, RD and RB) 197 at all elevations. This, indicated below-ground traits have also a shift from resource 198 conservation to resource acquisition to tolerate overgrazing as above-ground traits 199 does. 200 In the undisturbed meadows, resource conservation can also force species to 201 have low photosynthetic rates and SLA, which require conservative root structures 202 (e.g., roots with high root tissue density, root diameter and biomass, and/or low 203 specific root length and area) to ensure high overall conservation of resources 204 (Eissenstat, 2002; Fort et al., 2013) . In contrast, in the grazed meadow, resource 205 acquisition tends to make species possess high photosynthetic rates and SLA, which 206 requires roots with high specific root length and area, and low root tissue density, 207 diameter and biomass to ensure sufficient nutrient supply to achieve fast plant growth 208 (Reich, 2014; de la Riva et al., 2018) . Thus, significant above-ground -below-ground 209 traits relationship may be observed in both undisturbed and grazed meadows. Indeed, 210 significant relationships between above-and below-ground traits have been observed 211 in multiple studies in undisturbed meadows (Wardel et al., 2004; Liu et al., 2010; 212 Valverde- Barrantes et al., 2017; de la Riva et al., 2018) . However, nearly no study 213 reported strong relationships between above-ground traits and below-ground traits 214 after overgrazing. Here we observed consistently significant relationships between 215 above-and below-ground traits in both undisturbed and overgrazed meadows at all 216 elevations. Thus, above-ground traits might act as a proxy for below ground traits in 217 revealing the response to overgrazing at the below-ground level. 218 Principal component analysis revealed that undistrbed and overgrazed species 219 were significantly separated along axis 1, which was significantly positively 220 associated with SRL, SRA, A and SLA , but negatively related RD, RB, RTD and H. 221 Since high SRL, SRA, A and SLA represented high resource acquisiiton, whereas, 222 high RD, RB, RTD and H indicated high resource conservation (Wright et al., 2004; 223 Reich, 2014; de la Riva et al., 2018) . Thus the shift from resource conservation to 224 resource acquisition determine species distribution between undisturbed and 225 overgrazed meadows.
226
Different response of above-ground and below-ground traits to overgrazing
227 between annual and perennial species 228 It has been universally found that grazing promotes annual over perennial 229 species in grassland ecosystems (Díaz et al., 2007) . Our study supports this trend 230 where we found that after overgrazing perennial species decrease 2-2.3 times, whereas, 231 annual species increase 1.2-1.9 times. Especially at 3600m elevation, after 232 overgrazing, annual species is more than perennial species. Annuals tend to have traits 233 associated with a higher resource acquisition strategy, while perennial species tend to 234 have traits associated with a resource conservation strategy (Roumet et al., 2006; 235 Zhang et al., 2018) . As a result, the outcomes for trait variations, trait-trait 236 correlations and PCA may vary between annual species and perennial species. Indeed, 237 consistent trait variations, trait-trait correlations and PCA results for all species can 238 merely be found in perennial species but not annual species at all elevations. Our data, 239 on one hand indicated that the response of above-and below-ground traits to 240 overgrazing indeed varied between annual and perennial species. On the other, this 241 also indicated that species-specific responses to grazing are mainly determined by 242 perennial plants (Dorrough et al., 2004) . 243 Since species numbers for perennial species are nearly twice of those for annual 244 species among common species between undisturbed and overgrazed meadow at 3000 245 and 3200m elevations, it is possible that consistent results for all species and perennial 246 species, but not for annual species may be attributed to much more species numbers 247 for perennial species from the perspective of statistic analysis. Thus species-specific 248 responses to grazing may be not determined by perennial plants. However, at 3400m 249 and 3600m elevations, although species numbers for annual species are more than 250 those for perennial species among shared species between undisturbed and overgrazed 251 madows, we still found consistent results for all species and perennial species, but not 252 for annual species. Consequently, perennial species but not annual species determine 253 the response of above-and below-ground traits to overgrazing. 254 As shown in Fig. 4, our below-ground traits (root average diameter (RD; mm), root biomass (RB; g), specific root length (SRL; cm/g), specific root area (SRA; cm 2 /g) and root tissue density (RTD; g/m -3 )) between undisturbed and overgrazed meadows for all species and separately for annual and perennial species from 3000 to 3600m elevations. *** and NS (non-significant) indicates P<0.001 and P>0.05, based on Wilcoxon signed-rank tests. Fig. 2 . The interrelationships among above-ground traits (lmaximum height (H), leaf maximum photosynthesis rate (A) and specific leaf area (SLA)) and below-ground traits (root average diameter (RD), root biomass (RB), specific root length (SRL), specific root area (SRA) and root tissue density (RTD)) in undisturbed and overgrazed meadows for all species, and separately for annuals and perennial species from 3000 to 3600m elevations. Fig. 3 . Principal component analysis for below-ground traits (root average diameter (RD), root biomass (RB), specific root length (SRL), specific root area (SRA) and root tissue density (RTD)) and above-ground traits (height (H), leaf maximum photosynthesis rate (A) and specific leaf area (SLA)) in undisturbed and overgrazed meadows for all species and perennial species from 3000 to 3600m elevations. 
